spark lines in emission, but certain groups were present in absorption with low intensity.
The latter involve low energy states of the ionized atoms; these normal or metastable states are represented by 6 (2) in connection with the analysis of more complex spectra. In particular the absorption spectra of iron, cobalt, and nickel were investigated in this manner by Angerer The purpose of this paper is to report on our observations of the underwater spark absorption spectra of iron, cobalt, and nickel to show how these data confirm the known structures of the emission spectra and to present some extensions of the structural analyses.
II. UNDERWATER SPARK SPECTRA
The spectral characteristics of sparks between metallic electrodes immersed in liquids have been under investigation for a quarter of a century. The first experiments, those of Wilsing (4) , of Lockyer (5) , and of Hale (6) , were inspired by problems in stellar spectra and were concerned mainly with spectral line displacements due to pressure and other causes. Extensive investigations with various metals were carried out by Konen (7) , Finger (8) , E. and L. Bloch (9) , and Hulburt (10) . Konen gave wave length data for Fe, Al, and Cu, and was the first to identify certain H 2 absorption bands which always occur in the spectra of underwater sparks. Finger An investigation of the physical and electrical conditions determining the characteristics of underwater sparks was recently made by Miss Stticklen (11) , who studied the effect on Cd spectra of varying (a) external spark gap, 0.5 to 3 cm, (b) self-induction to change wave length from 300 to 1,100 m, and (c) diameter of electrodes, 3 During the past year several attempts have been made (12) The wave lengths shorter than 2373 A are quoted from Schumacher (14) ; the longer ones from Burns (15) . To the violet of 3900 A a considerable number of the stronger iron lines are readily observed as partial reversals in the ordinary arc emission spectrum, and together with Bang's (16) temperature data these observations were of importnce in the detection of the first regularities among the arc lines of iron (17) .
The structural analysis of this spectrum was presented in more detail in subsequent papers (18 Gieseler and Grotrian (19) , who observed 11 lines in absorption.
The underwater spark absorption spectrum of iron has recently been studied by Sur (12) The structure of the Co I spectrum has been investigated by Walters (27) and by Catalan and Bechert (28 Table 5, in which the wave lengths shorter than 2300 A are quoted from Pifla (29) and the longer one from Hamm (30 (32) found 88 lines (2254-3858 A) absorbed in the underwater spark, and Narayan and Rao (33) described 180 lines (2121-3858 A) as absorbed. The data were discussed in relation to the published analyses of the structure of the nickel arc spectrum, but in neither case was any addition to this analysis made.
The structure of the nickel arc spectrum has been discussed by Walters (34) and by Bechert and Sommer (35) Thus, the tendency for group configurations with a lesser number of 4s electrons to be preferred, which was noticed in describing the normal states of the Ru-Rh-Pd and Os-Ir-Pt triads of metals (36) , is apparently already in operation in the Fe-Co-Ni triad.
